A Preliminary Note on the Examination of the Fat in the Liver in Health and Disease.
By E. L. KENNAWAY and J. B. LEATHES.
FOR manny reasons special interest attaches to the combinations of fatty acids found in the liver. As a general rule the amount of fatty acids present in this organ is found to be comparable with that found in the heart or kidneys, and it is often less. But under exceptional circumstances in animals that are apparently normal, and not only in those that are diseased, the amount is excessive and then may be very much greater than the largest amounts ever found in the heart or kidney. In pathological conditions in man 60 per cent. and 70 per cent. of the dry solid matter of the liver may be fat, and Rosenfeld has found such amounts too in dogs that have been treated with phlorizin in starvation. There is no other organ in the body in which anything like such large almnounts of fat ever occur. Moreover, as was shown by Hartley and Mavrogordato,l when these large quantities of fat occur in the liver the fatty acids are not those which normally characterize the fats and lipoids of the liver and other viscera, highly unsaturated acids with an iodine value of about 130, but consist largely of the saturated acids and oleic acid, and therefore absorb in extreme cases hardly more iodine than the acids that can be obtained from the fat of adipose tissue. This and other facts suggest, as has been pointed out before, that the liver stands in a different relation to the fats of the body from all other organs, and that fat which is put into circulation from the connective tissues undergoes some preliminary treatment in this organ before it is distributed to the other viscera in which it is finally oxidized completely.2 This prelinminary treatment would seem to consist in part of changes in the fatty acids whereby they are converted into those less saturated acids which are characteristic of the fat in the working organs, but which are generally absent from fat stored in adipose tissue. Since it has been repeatedly found that lecithin and other phosphatide lipoids from various sources yield on saponification fatty acids with a ' P. Hartley and A. Mavrogordato, Journ. Path. and Bact., 1908, xii, p. 371. Leathes, "Problems in Animal Metabolism," 1906, p. 118. high iodine value, it is possible that this change in the character of the fatty acids occurs only after the acids have been built up into these more complex colmibinations. It is known that phosphatide fats are present in the liver in considerable amounts; they constitute frequently a half, or perhaps imore than a half, of the fat that the organ contains.
And it may therefore be a special function of the liver to build up out of the connective tissue fat which reaches it, in the first instance lecithin and the related lipoid substances, for the use not only of its own cells but it may be for those in other organs as well, and the desaturation of the acids may occur only after they have entered the lecithin molecule and have come within the sphere of influence of the phosphoric acid and other groups which the lipoids contain, but which ordinary fats do not. One of the first points which suggest themselves for investigation, therefore, is a comparison of the nature of the fatty acids that occur in the simple glycerides present in a normal liver, with that of the acids occurring in combination with phosphorus and nitrogen. The present communication contains the results of some preliminary experiments on these lines, which form part of a study of the functions of the liver in relation to the metabolismii of fat in health and disease.
In the first place it was necessary to effect some separation of the different combinations of fatty acids present in the liver. For this purpose the livers were minced and treated with alcohol; the alcohol was strained off after twenty-four hours and the solid matter pressed in a screw press. This process having been repeated several times the combined alcoholic extracts were evaporated in vacuto at a temperature not above 50' C. while a slow streama of carbonic acid passed through the fluid. In some cases the extraction with alcohol was followed by treatment with ether, which was then evaporated in the same way. The oily residue left after complete remiioval of the alcohol or ether was taken up in dry ether and the solution filtered. By the addition of two or three volumes of acetone the first separation is carried out; the acetone precipitating the lecithin and other phosphatides. The acetone solution evaporated in the same way as ihe original extracts leaves a residue consisting for the mlost part of simple glycerides with some cholesterin and a little unprecipitated phosphatide. This residue treated with dry acetone dissolves for the mlost part, and the filtered solution evaporated to dryness leaves a residue soluble in petroleum ether, in which solvent it is best kept for exaimiination. The acetone precipitate dissolved in ether and filtered should be reprecipitated with acetone repeatedly till everything soluble in acetone is remiioved. The final ether solution is then treated with two or three volumes of absolute alcohol, when a precipitate is obtained in which jecorin will be present, while lecithin remains in solution. The alcoholic solution evaporated down leaves a residue which is taken up in absolute alcohol and may be kept dissolved in that solvent or else in petroleum ether. The alcohol precipitate reprecipitated from ether by means of alcohol and washed with alcohol can if protected from moisture be preserved as a dry powder.
In this way the substances soluble in ether are divided into three fractions: (1) a fraction composed mainly of simple glycerides with some cholesterin, soluble in acetone; (2) a fraction soluble in alcohol which mlay be referred to as the lecithin fraction; and (3) a fraction insoluble in alcohol, the jecorin fraction.
The three fractions obtained in this way from the liver of pigs (two series), from a dog, and from a goat have been examined as follows: a weighed amount, about 1 grm., of each of the fractions was treated with potash and alcohol on the water bath for one to two hours. The soap solution obtained was washed with hot water into a Liebermannflask, made acid with sulphuric acid and shaken with a known volume of petroleum ether; and after the separation of the two fluids had taken place a fraction of the petroleum ether solution removed, evaporated to dryness, at first in a stream of carbonic acid and then in vacuo over the water bath. The weight of the residue gives the percentage of fatty acid, contaminated it may be with some cholesterin, contained in the sample. The weighed fatty acids serve then for a determination of the iodine value.
The acid aqueous fluid left in the Liebermann flask after removal of the petroleum ether can be used for determination of nitrogen and phosphorus, only in that case any precipitate that there may be, insoluble both in aqueous acid and in petroleum, must be oxidized too, since it contains both nitrogen and phosphorus. During the saponification small quantities of nitrogen escape as ammonia. This was caught in titrated sulphuric acid, the heating with alkali being conducted in a stream of hydrogen. This procedure, though complicated, presents certain advantages over the more direct comrbustion of separate portions of the original fatty materials in Kjeldahl flasks which, owing to the large amounts of fatty acids contained in the material analysed, requires care and long heating. In some cases the latter method was enmployed, in most the former.
In Table I are given, for comparison with our results in Table II: (1) The percentage of fatty acids and the iodine value of these acids obtained from the adipose tissue fat of the species of animals to which the data in Table II apply; (2) figures relating to the composition of lecithin of the theoretical formula containing two stearyl radicles, to that of a lecithin obtained by Erlandsen from the bullock's heart muscle, and to that of three preparations obtained by Baskoff from the liver of the horse; and (3) similar figures for the preparations of jecorin analysed by Drechsel and by Baskoff.
The figures given in Table II , the results of our work on the lines described above, show, as we expected, that we were seldom if ever dealing with completely isolated chemically pure substances, but they show that a separation has been effected which is sufficient for the solution of the question propounded in the early part of this communication. The preparations soluble in acetone, referred to in the first group of columns of the table, were, to judge from the percentage of fatty acids which they contained, much nearer to simple glycerides than to lecithin or jecorin. But since the extracts of the liver may have contained free fatty acids, and certainly would contain some cholesterin, and the presence of these in any considerable amount would tend to raise the figure given in this column for the percentage of fatty acids obtained on saponification by the methods used, a truer indication of the degree to which the simple glycerides of fatty acids have been separated from complex lipoids in these preparations is given by the nitrogen and phosphorus content. This shows that they cannot have contained, at any rate, more than from 10 per cent. to 20 per cent. of lecithin or jecorin. And, therefore, the iodine values of the preparations in the first column show clearly that the highly unsaturated acids in the liver are not confined to the phosphatides. For instance, if the iodine value of 120 obtained in the preparation from the pig's liver No. 1 were due to a miiixture consisting of 20 per cent. of fatty acids from lipoids and 80 per cent. of fatty acids such as occur in the adipose tissue of pigs, with the iodine value 55, then the -iodine value of the acids mixed with these latter would have to be 380, which is so much greater than that found for the fatty acids obtained from the other fractions, that it is certain that the simple glycerides occurring in the pig's liver, if they have come from the animal's adipose tissue, must have been changed in character and been converted into acids which are less saturated. The highly unsaturated acids, then, are not confined in the liver to the compounds containing phosphorus. These latter compounds, however, to judge from the figures in the table, contain acids which, generally speaking, are more unsaturated than those in the form of simple glycerides. This would be the result to expect if fatty acids when they arrive in the liver are of the type that occurs in the adipose tissue and, generally speaking, in the food, and then in the liver they undergo a process of desaturation: so that the preparations dealt with in the first column represent fat in process of being desaturated, partly still unchanged, partly already changed, whereas the fatty acids in the second and third columns are in a later stage more completely desaturated and further combined up with p)hosphoric acid and other groups into the lipoid molecules of " lecithin" and " jecorin."
The iodine values are, it must be noted, in all cases minimal values. That this is so is shown, for instance, by the following facts:
(1) As a general rule, as soon as a liver was received for examination a portion of the fresh-pulped tissue was heated with potash and alcohol in order to estimate the total amount of fatty acids present in all combinations, and the iodine value of the imixed total acids so obtained was deterimined. Among the humnan livers, for instance, No. 1 contained 3 45 per cent. of its weight of higher fatty acids with the iodine value 135 6; No. 2 contained 3 2 per cent. with the iodine value 134A5. The mixed acids from all sources obtained in this way had been exposed to a much less prolonged treatment than those obtained from the different preparations of the several kinds of fat, glyceride, lecithin, or jecorin, after they had been separated from one another. In the case of the former the iodine value was determined within forty-eight hours of removal from the body; before this could be done in the case of the latter three weeks or more had elapsed. Accordingly the former-i.e., the mixed acids-have a higher iodine value not only than those fromn the fat soluble in acetone but also than those obtained from the lecithin fraction. This was done, too, in the case of the liver of pig No. 2. The preliminary examination gave in this case 3'15 per cent. of higher fatty acids with the iodine value of 123'1, which is higher than that found subsequently for the acids from the isolated lecithin fraction, and less only than that for the jecorin fraction, which accounted for not more than, at the outside, 5 per cent. of the fatty acids present in the liver.
(2) But even the iodine value obtained for acids prepared by saponifying fresh liver tissue is lower than the real value, for the heating with potash and alcohol causes some changes in the acids. Thus a preparation of " lecithin " was treated with Wijs's iodine solution in the usual way for the determination of the iodine value and absorbed 83,1 per cent. At the same time another portion of the samie preparation was saponified and the percentage of fatty acids contained in it determined: 60'5 per cent. were found and their iodine value was now 120'7. If the unsaponified lecithin had the iodine value 831, and contained 60'5 per cent. of fatty acids, these acids must have had the iodine value 137 3. This value had fallen to 120'7 during saponification.
The iodine values given in the table are therefore minimal values, and the argument as to the desaturation of the fatty acids present in the form of glycerides is stronger even than the figures show.
Other points brought out in the table that seem to call for comment even at this stage of the inquiry are the following:
The lecithin fraction gives figures which do not agree with those for lecithin of the usually supposed constitution. The percentage of fatty acids was always less than required by the accepted formula, as was also the phosphorus; the nitrogen, on the other hand, was higher. F'our preparations from the pig's liver No. 1 were analysed: those from the second alcoholic extract, from the third, fromn the fourth and fifth mixed. and fourthly from a preparation obtained by mixing the lecithin fractions of all eight extractions and reprecipitating this mixture three times with acetone. The percentage of fatty acids in these preparations, omitting the analysis of that from the third extraction which was technically faulty, was remarkably constant, ranging from 62 2 to 63 8. The ordinary forminula for lecithin requires about from 68 per cent. to 71 per cent., according to whether palmitic, stearic, or oleie acid is supposed to be present. The figures obtained froml the liver of pig No. 2 were lower still; so, too, were those from the dog's liver. Baskoff from the liver of the horse obtained lecithin containing 62 5 per cent. and 63 6 per cent. of fatty acids. The percentage of nitrogen found by him was 2 7, higher still than ours, and that of phosphorus, 3 5 per cent., though higher than our figures, is lower than that required by the accepted formula-3 8 per cent.
The constancy in a number of preparations of these variations froml the accepted figures for lecithin may be interpreted as meaning that the lecithin in the liver has a different composition, or, as is perhaps more likely, that the mode of separation adopted fails to separate it from soine other phosphatide as yet unknown. The figures for the lecithin from the liver of pig No. 2, showing a still greater departure from the true lecithin figures, lower percentage of fatty acids, lower phosphorus, and higher nitrogen content, would in that case mean that this unknown phosphatide was relatively mnore abundant in this liver.
The jecorin fraction gives the test for jecorin, reduces cupric oxide, gives a red colour with silver and ammonia, and after hydrolysis an osazone mnelting at 203°C. The fatty acids present in the preparations from the pigs' livers were fairly constant in amount: ten estimations were carried out on different samples from pig No. 1, two of them being by a different method; three were technically faulty; the seven others ranged between 57 7 per cent. and 53 6 per cent. Those carried out on the final preparations obtained by mixing all the earlier ones and eprecipitating once with acetone and once with alcohol gave 54 3 per cent. and 544 per cent. The preparation from pig No. 2 gave the figure 55 0. The figures givein by Baskoff for preparations of jecorin fromll the liver of the horse are 40'75 per cent. (p. 410) and 37 85 per cent. But since our preparations of jecorin fractions from the dog and the goat give again very different figures in each case, it seems reasonable to expect to find that substances of quite different constitution appeai in this fraction according to the species of animal from which it is obtained.
The iodine value of the fatty acids, as pointed out before, is necessarily an understatement of the degree to which they are unsaturated. The preparations from the fourth and fifth and the sixth and seventh extracts of the livers from which the figures in the table marked pig No. 1 were obtained, after being mixed and twice reprecipitated, yielded acids with an iodine vallue of 133, which at an earlier stage had absorbed from 140 per cent. to 150 per cent. of iodine. And even at this earlier stage the preparations had undergone much manipulation of the same kind as that which resulted in this change. But the high figures given by these preparations seem to show clearly that the most highly unsaturated acids are found in this fraction.
The nitrogen and phosphorus estimations carried out on different preparations from the pigs' livers agree fairly among themselves. The nitrogen figures are lower than those given by Drechsel and by Baskoff for the jecorin from the horse's liver. The phosphorus figures fall within the limits of variation in Drechsel's analyses. The single preparations from the dog and the goat require confirmation, but seem to show differences from the jecorin of the pig or horse like the percentage of fatty acids. Baskoff: Ibid., 1908, lvii, p. 395. The different preparations of lecithin analysed by Baskoff were obtained (1) from the alcoholic extract of the liver; (2) from the ethereal extract; and (3) from an alcoholic extract obtailled after extraction with ether. 
